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The Coronaviser 


By A. M. SKELLETT 


Electronics Research 


T IS well known that the major 

disturbances in long-distance radio 

transmission have their origin in 
the sun as do also the terrestrial mag- 
netic storms which accompany them. 
However, just what form of solar ac- 
tivity is responsible has not as yet 
been ascertained. Sunspots, promi- 
nences, faculae and flocculi have been 
exhaustively studied in this connec- 
tion and while each of these is closely 
associated with the unknown form of 
activity that is responsible, none of 
them is identical with it. What type of 
solar activity is left to be studied? 
Obviously the corona is indicated. It 
shares in the general cyclic activity of 
the other phenomena and in addition 
its streamers are very suggestive of 
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those hypothetical streams of charged 
particles emanating from the sun by 
which the terrestrial disturbances may | 
best be explained. 

A cloud of electrons and broken-up_ 
atoms shot off from the sun and made 
luminous by it, so tenuous is the 
corona, as compared with the earth’s 
atmosphere, that it is masked by 
sunlight scattered by the atmosphere. 
Stars too are masked by daylight in the 
same way, but fortunately the sun and 
the stars have a different apparent 
motion in the sky, and at some time 
in the year each star is above the hori- 
zon during darkness. The corona, how- 
ever, goes around with the sun and an 
adequate view can be seen only when 
an eclipse shuts off the sun’s light 
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from the earth’s upper atmosphere. 

The advent of television has sup- 
plied a method which is very promis- 
ing because it converts an optical 
image into a varying electric current, 
in which new state it may be altered 
in ways that are impossible by purely 
optical methods. When several years 
ago the television method was pro- 
posed,* it was realized that the rec- 
tangular scanning so well adapted to 

ictorial television images was un- 
suitable for this work. What was 
needed was a means of scanning in a 
spiral fashion so that a ring-shaped 
area around the sun could be effi- 
ciently covered. A scanner incorporat- 
ing this principle was developed at the 
Laboratories along with the rest of the 
apparatus needed and through the 
courtesy of Dr. G. W. Cook the 
method was given a practical trial in 
his observatory which is located at 
Wynnewood, Pennsylvania. 

Starting at the left of Figure 1 the 
large plane mirror coupled to a driving 
mechanism forms a siderostat so that 


sunlight may be continuously held 


*Be_t LaporaToriEs REcorD, Pp. 113, Dec., 1934. 
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on the axis of the telescope. The solar 
disc is focussed by the objective on 
the small tilted mirror (rR, Figure 2) 
which reflects the direct sunlight out 
through a hole in the side of the tele- 
scope and into a light trap consisting 
of a black-walled tube with a black 
velvet end where it is absorbed and 
thus prevented from introducing 
spurious effects in the scanning appa- 
ratus. As a further precaution the 
mirror is backed up by a black mask- 
ing disc D. This mirror and disc are 
supported by means of the plate glass 
Pp so that there is no obstruction in the 
field around the sun. Silvered on the 
back, the lens L is equivalent to a 
concave mirror and brings a portion 
of the sky image that lies in the plane 
of D to focus on the scanning hole H 
which is on the axis of the telescope 
and scanner. Light that enters the 
scanning hole passes through the 
lens s, the prism, and the light 
tunnel vu into the photocell eE. 

When the lens t is rotated about 
the axis by the motor, successive por- 
tions of the sky image are focussed on 
the scanning hole and the effect is the 


GEAR CATHODE RAY 
GUARD REPRODUCER - 


18 FT. 


Fig. 1—This diagram shows the application of the Coronaviser to a horizontal telescope 
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same as moving the 
scanning hole around 
in the image plane at 
pb. This takes care of 
the circular component 
of the scanning mo- 
tion. The radial com- 
ponent is obtained by 
changing the angle of 
tilt of the lens t while 
it is rotating. A worm 
w is mounted on the 
motor shaft but held 
stationary so that as 
the gear G revolves as 
a whole about the axis 
of the scanner it is 
turned more slowly 
about its own axis. A 
hardened pin Q attached to the arm 
of the lens mounting rides on a cam 
which is fixed to this gear and thus 
imparts a cyclic tilt to the lens. 
Reproduction of the image is en- 
tirely by electrical means. At the 
opposite end of the motor a c-shaped 
permanent magnet J rotates about a 
cylindrical iron core around which 
there is wound a coil of wire c. The 
electric current thus generated in the 
coil is smoothed into a true sine wave 
by tuning the circuit of the coil so that 
it resonates at the frequency of circular 
scanning which is approximately 30 
cycles per second. The resulting wave 


Fig. 3—Exposures of a half-minute yielded a number of good 
pictures of coronal details 


is split into two components go° 
apart in phase; and these, after 
amplification, are impressed on the 
deflector plates of the reproducing 
cathode-ray tube so that the spot 
may move in a circular path. 

At the generator end of the motor 
there is also a reduction gear box, the 
slow speed shaft of which turns once 
for a complete cycle of the radial 
scanning motion, i.e. once a second. 
This shaft is geared to that of the 
potentiometer unit B so that its slid- 
ing contact also revolves at this rate. 
The potentiometer winding is con- 
tinuous around the circle and connec- 
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Fig. 2—Details of the scanning mechanism 


February 1940 


& 
‘ 
H V2 | 
U 
| G 
C= 
: 


tions are made at the opposite ends of 
a diameter. The scanning voltage 
from the generator circuit is fed into 
this unit and as the arm revolves the 
amplitude of the sine wave is made to 
vary uniformly between its minimum 
and maximum values so that the 
spot on the reproducing screen spirals 
in and out to cover the field. 

Since light from the corona must 
pass through the intensely illumi- 
nated atmosphere of the earth, glare 
from the latter must be eliminated or 
the corona could not be seen. Fortu- 
nately the glare is uniform around 
the field, so it is represented in the 
photo-electric current by a uniform 
direct current which is eliminated by 
resistance-capacity coupling of the 
cell to the amplifier.-In addition a 
filter is inserted between the first and 
second stages which may be adjusted 
to eliminate some of the low frequency 
components that arise from the glare 
because of inaccuracy of lineup 
or other factors. 

The light of the corona is 
practically identical with that 
of the sun in its spectral char- 
acteristics; and a_ gas-filled 
caesium sulphide photocell 
which has a maximum sensi- 
tivity in the green was used. 
The inner corona has a surface 
brightness of about the same 
magnitude as the full moon 
and the sensitivity of the ap- 
paratus was checked by ob- 
taining images of the moon in 
its various phases. 

On days when the haze in 
the sky was very noticeable 
but yet not in the form of 
clouds, the brightness of the 
glare near the edge of the sun 


was as high as 6000 millionths Fig. 4—How the prominences look when viewed 


bright as the corona. On very clear 
days the brightness was as low as 
1250 millionths and this limit may 
have been set by the scattered light 
from the telescope parts, particularly 
the siderostat mirror, rather than the 
sky. The images were photographed 
with exposures of from 20 to 30 sec- 
onds during which there were repro- 
duced 40 to 60 images; although the 
noise patterns might be very notice- 
able in a single scan, the fluctuations 
balanced out in a statistical manner, 
leaving a uniform field. 

Theoretically the limiting amount 
of glare through which it is possible to 
work with this method is determined 
by the “shot noise” in the photo- 
electric current but there are practical 
limits which were the important 
factors in this case. One of these was 
set by the cleanness of the plate glass 
used to support the scanning hole 
unit. This plate is also near the focal 


of the sun’s brightness or ap- through a television system. Picture made at half- 


proximately 6000 times as past one on an October afternoon with a red filter 
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plane and the slightest smudge or 
speck of dust on its surfaces gives rise 
to an overloaded image on the cathode- 
ray screen. The glass itself was 
specially selected to be free from 
bubbles or blemishes and was carefully 
washed at frequent intervals. 
Occasionally tiny specks of brilliant 
light would float across the screen, the 
sources of which were very puzzling at 
first. They were usually referred to 
as “angels” and were finally traced to 
insects or wind-borne seeds which 
drifted across the sky in the path of 
the shaft of light. Being illuminated 
by direct sunlight, they scattered 
enough light in the direction of the 
telescope to give a bright diffraction 
pattern resembling an angel’s wings. 
They ruined many photographs. 
Since the glare decreased in the 
direction outward from the sun, pat- 
terns that were caused by instru- 
mental defects took on at times ap- 
pearances which might easily have 
been confused with that of a coronal 
image. It was necessary therefore to 
have an absolute criterion by which 
one could distinguish between these 
parasitic images and otherswhich were 
associated with the sun. The sidero- 
stat mounting of the telescope fur- 
nished such a test. With this type of 
mounting the celestial field rotates 
about the optic axis of the telescope 
with time. Thus by taking a series of 


photographs over a period of several 
hours it was possible to determine 
definitely whether or not the image in 
question was associated with the sun 
or with the apparatus. In addition to 
this test, for the prominences, there 
was the spectrohelioscope at hand by 
which a direct comparison could be 
made. Another test applied to the 
prominence images was furnished by 
their color. A special red glass filter 
reduced the general glare level by 
about 30 times whereas its reduction 
of the light of the prominences was 
not nearly so great. 

Although the development of an 
adequate instrument and the proving 
in of the method have been achieved, 
the real capabilities of the device will 
only be realized when it is used under 
the crystal clear skies encountered on 
a mountain top in conjunction with a 
telescope which, by pointing directly 
at the sun, will eliminate most of the 
glare that was introduced by the 
horizontal mounting. These condi- 
tions will be satisfied in the continu- 
ation of the work at the McDonald 
Observatory on Mount Locke in 
Texas. Work has been started on the 
installation of the coronaviser at this 
site by Drs. C. T. Elvey and E. T. 
Rogers who will continue the investi- 
gation under the supervision of Dr. 
Otto Struve, Director of the Yerkes 
and of the McDonald Observatories. 


Fig. s$—Prominences 
taken with a red filter 
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Fig. 6— Prominences 
taken without a filter 


Fig. 7—A fet or fare 
in the corona 
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Circuit Features of the 3B Toll Board 


By H. F. SHOFFSTALL 
Toll Switching Development 


ANUAL tandem switch- 
boards are equipped with 
plug-ended cords, and the 
operators need only insert the plug 
into the jack of an idle trunk as re- 
quested by the originating operator. 
With this simple operating procedure, 
they can handle calls very rapidly. 
This type of operation has been pos- 
sible because most of the outgoing 
trunks were of the same type, and so 
the operating procedure could always 
be the same. With the introduction, 
however, of new facilities such as dial- 
ing trunks different procedures are 
required depending on the type of 
trunk. In the new 3B board is a 
discriminator. This automatically de- 
termines both the type of trunk call- 
ing and the type of trunk being called. 
It then sets up in the position circuits 
such connections as are required to 
secure simple operating procedures 
for the different types of trunks. 
When a call comes in on one of the 
cords, a lamp associated with that 
cord lights, as an indication to the 
operator, and a relay operates to con- 
nect the operator’s telephone set to 
the cord. On receiving the request 
from the originating operator, the 3B 
operator inserts the plug into the 
required jack. The discriminator then 
connects itself to the cord, supplies a 
temporary termination at the incom- 
ing circuit, determines the types of 
incoming and outgoing circuits, and 
establishes all the required connec- 
tions in the position circuits. If the 
circuits are such that the 3B operator 
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herself is required to dial or key 
pulse, the discriminator will connect 
the dial or key set to the cord and 
light a lamp to indicate that it is 
ready for her use. As soon as the 
operating procedure is finished, the 
discriminator disconnects itself from 
the cord, and is ready to handle 
another call. 

Each cord has a relay by which it 
may connect itself to the discrimi- 
nator. There is one discriminator for 
each operator’s position, and it is 
multipled to all the cord-connecting 
relays of the position, but after a 
cord has been seized and the neces- 
sary operating procedure carried out, 
the connecting relay is locked open 
until the cord is taken down. The 
operation of the connecting relay of 
a cord connects six leads from the 
cord circuit to the discriminator. A 
test is made first to determine that 
the plug is fully seated in the jack, and 
then a test is made to determine 
whether battery or ground is con- 
nected to either the “tip” or “ring” 
conductors of the outgoing trunk. 
Certain types of trunks have battery 
connections and others have ground, 
so that the possible type of trunk is 
narrowed by this test. Depending on 
the results of this test, the discrimi- 
nator then tests for various battery 
conditions or for various resistances to 
ground, since for each type of trunk 
a different set of conditions will exist. 

Depending on the condition found, 
a combination of register relays will 
be operated, and as a result ground 
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will be placed on one or more of a 
group of wires. This ground will oper- 
ate a relay or combination of relays 
that will set up the correct connec- 
tions for handling this type of call, 
properly signal the calling operator, 
and then—after “cutting through” 
the talking circuit—will release the 
connecting relay for that cord. 

The circuit used for these prelimi- 
nary tests is shown in Figure 1. The 
sleeve leads of all outgoing trunks are 
grounded, and when a plug is inserted 
in one of their jacks, this ground oper- 
ates relay s of the cord circuit. This 
relay, in turn, operates the “‘con- 
necting,” or D, relay through its P 
winding and battery on a back con- 
tact of the s relay of the discriminator 
circuit. When D operates, a circuit is 
completed through its s winding and 
the winding of the s relay of the dis- 
criminator circuit; and the latter 


relay operates. This opens the circuit of 
the “operate” winding of D, but Dis now 
held operated by its “hold” winding. 

The operation of s connects ground, 
through a back contact of Ps, to the 
timer, which starts a timing period. 
If the plug has not been properly 
seated in the jack, no connection will 
be established by the “ring” con- 
ductor. Under such conditions, no 
other relays will operate for two sec- 
onds. At the end of this interval, the 
timer will close a contact to ground, 
and thus operate relay T™. This relay 
will operate FN, which—in turn—will 
open the circuit to the holding wind- 
ing of the D relay, thus releasing p, 
and allowing the discriminator to be 
seized by another cord. 

Had the plug been properly seated, 
however, either the ground or battery 
found on the “‘ring”’ conductor would 
have operated ps, and thus opened 
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Fig. 1—Simplified schematic of the testing circuits of the discriminator 
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the path to the timer. The closure of 
ps would also have operated relay A, 
and connected both “ring” and “tip” 
conductors of the trunk to the B relay. 
This tests for either battery or ground. 
If battery was not found on either of 
the conductors, B would not operate, 
and after a short interval required for 
the release of the slow-release relay sr, 
which is released by the operation of 
a, relay GT would be operated through 
the back contact of B. Closure of this 
relay connects the tip and ring con- 
ductors to the ground-test relays, and 
one or more of them will operate de- 
pending on the ground conditions 
that are found. 

Had battery been found on either 
the tip or ring conductors, relay B 
would have operated, and then as 
soon as sR had released, the sr relay 
would have operated. This would 
have connected the ring and tip con- 
ductors to a set of battery-test relays, 
and one or more of them would oper- 
ate depending on the conditions found. 

As a result of the operation of some 
of the battery-test, or of some of the 
ground-test, relays, certain of the 
register relays will be operated, and 
ground will appear on one of the leads 
leaving this group. To indicate the 
type of operations that follow, it may 
be assumed that the plug has been 
connected to a “‘ringdown”’ trunk. 
As a result, ground—after the tests 
outlined above—will appear on the 
RD lead leaving the register relays, and 
the RD relay will be operated. 

Operation of this relay starts the 
timer to get a two-second interval, 
connects battery to the “tip” con- 
ductor over which it will operate the 
ringing relay in the outgoing trunk 
circuit, and also operates the sc relay 
in the cord circuit. The sc relay holds 
itself operated from ground on the s 
relay, which remains operated as long 
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as the plug is in the jack. The opera- 
tion of sc has also opened the circuit 
to the operate winding of pb, so that 
it cannot be reoperated until the plug 
is withdrawn. At the end of the two- 
second ringing interval, tm will be 
operated by the timer. This relay con- 
nects ground to the cr lead to operate 
the relay in the cord circuit that will 
“cut through” the talking circuit and, 
through another contact, will operate 
FN. The operation of this relay opens 
the circuit to the hold winding of the 
D relay, which then releases, and 
makes the discriminator available for 
another call. 

Had some other than a ringdown 
trunk been found, some other than 
the RD relay would have been oper- 
ated. If a key-pulsing trunk had been 
found, for example, a relay would 
have operated to connect in the oper- 
ator’s key-pulsing set, and a similar 
procedure is arranged ‘for other types 
of trunks. Following these opera- 
tions, the cut-through relay of the 
cord will be operated and the D relay 
will be released by operation of FN. 
By connections to the B lead, the type 
of incoming trunk will also be deter- 
mined, and the necessary circuits 
would be set up to provide for the 
proper signaling and operation for 
each particular combination of in- 
coming and outgoing trunks. 

The 3B board is also arranged so 
that when the originating operator 
takes down her cord at the completion 
of a call, the outgoing circuit at the 
3B position will be automatically 
freed without waiting for the operator 
to pull out the plug. This makes the 
circuit more promptly available at the 
other positions, and thus insures more 
efficient use. 

The circuit by which this is accom- 
plished is shown in Figure 2. When 
the plug is in the jack and a call is in 
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progress, all the relays except H are 
operated, but when the originating 
operator disconnects, su is released. 
This connects ground to the p winding 
of relay H, which operates and holds 
itself operated through ground on one 
of its springs, two contacts, and the 
resistance . In operating, it opens the 


ever, the outgoing circuit is released, 
and may be seized at other positions, 
The operation of 4 has also con- 
nected a 130-volt battery to a po- 
tentiometer consisting of resistances 
A and B and a connection to ground 
on the sleeve relay of the trunk cir- 
cuit. A and B are of such high re. 
sistance that the cur- 


PLUG 

MULTIPLE CIRCUIT i rent that flows has no 

JACK 
4 appreciable effect on 

TO the sleeve relay. D 
CIRCUIT ‘ TRUNK to the drop across A 
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t smaller of the two re- 


sistances, a voltage is 
placed across the con- 
trol gap B-c of an ionic 


Fig. 2—Automatic release feature of the 3B toll board 


circuit to the s relay, and both s and 
sc release, the release of the latter 
relay releasing ct, which opens the 
talking circuit and releases the trunk. 
The operation of u also lights the 
lamp in front of the 3B operator as 
an indication that the plug may be 
taken down. In the meantime, how- 


sc 
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tube, but the voltage 
is too low to break 
down the tube. When 
the plug is withdrawn, 
however, the connec- 
tion to ground at the 
sleeve relay is opened, 
and the voltage across 
the control gap rises 
sufficiently to break 
the tube down. When 
this occurs current 
flows across the main 
gap A-c, and releases 
the H relay by flowing differentially 
through its s winding. This puts out 
the lamp, and restores the circuit to 
normal. Both of these features, the 
discriminator and the automatic dis- 
connect feature, are very helpful in 
promoting rapid and efficient oper- 
ation at the 3B toll switchboard. 
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Feedback 


Improves Electro- 
mechanical 
Recording 


By L. VIETH 
Electromechanical Apparatus Development 


HE development of 

stabilized feedback* a 

few years ago has had 
a great influence on the design 
of broadcast transmitters and 
on amplifiers for a wide variety 
of uses. In the usual amplifier 
system certain noise and dis- 
tortion components are intro- 
duced, causing the character of the 
output signal to differ from that of the 
input. In applying the principle of 
stabilized feedback, however, part of 
the output signal is fed back to the 
input in such phase relation as to 
greatly diminish or eliminate these 
effects without danger of instability 
or self-oscillation. 

In the systems to which stabilized 
feedback has been applied so far, the 
output as well as the input is elec- 
trical in nature. The inclusion, in the 
amplifier system, of a transformation 
to a mechanical or other form of out- 
put in no way alters the feedback 
theory, although it may increase the 
difficulties of fulfilling the conditions 
necessary for stable operation. A 
practical system of this type has been 
made possible with the development 
of the 1A recorder, designed for 
making vertical-cut records. In such a 
system an amplified electrical signal is 
converted to a corresponding me- 

*REcorD, June, 1934, p. 290 and Feb., 1937, p. 182. 
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chanical motion to cut a record on a 
disc or cylinder for later reproduction. 
Such recordings are used extensively, 
both for sound pictures and for the 
electrical transcriptions used widely 
in broadcast programs. 

A block schematic of a feedback 
system as applied to the 1A recorder 
is shown in Figure 1. A moving coil in 
a strong magnetic field drives the 
cutting stylus, and a small pick-up 
coil, rigidly attached to the frame 
that carries the stylus, moves in an- 
other portion of the same field. The 
vibrational velocity of the pick-up 
coil is thus exactly the same as that of 
the stylus, so that the electrical signal 
fed back by it to the input is a replica 
of the signal cut on the disc. This feed- 
back signal counteracts the distortion 
introduced, with the result that the 
record as cut closely corresponds to 
the input signal. Because of the very 
small value of the feedback current 
supplied by ztheYpick-up coil, an 
amplifier is included in the feedback 
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circuit, which differs in this respect 
from the more usual all-electrical cir- 
cuits in which the feedback circuit is 
generally a passive network. 

The actual arrangement of the 
recorder is indicated in Figure 2. The 
driving coil is secured at the base of a 
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Fig. 1—Block schematic of the 1A recorder 
showing the application of feedback 


cone-shaped vibrating element, and 
the restoring force is furnished by a 
cantilever spring and a diaphragm, 
which serve also to restrict the motion 
of the stylus to one mode. The feed- 
back coil is secured to the cone near 
its apex, at which point the stylus is 
attached. Both coils are free to move 
in annular air-gaps of a common 
magnet. In the space between the 
two coils copper shielding is pro- 
vided to reduce magnetic coupling. 
A photograph of the complete re- 
corder is shown on page 


ticularly because the constants of cer- 
tain of the elements tend to change 
with time. In the feedback device the 
response-frequency characteristic is 
controlled by the transmission char- 
acteristic of the electrical feedback 
circuit only, and this can be readily 
specified and maintained. The me- 
chanical elements are few and simple, 
and need be controlled only within 
broad limits. The materials used are 
highly stable. 

Another matter of importance in 
comparing the new device with pre- 
vious ones is that since the transmis- 
sion characteristic of the feedback 
circuit determines the response-fre- 
quency characteristic of the recorder, 
its useful band width is limited only 
by the power available to drive it and 
by its mechanical ability to be so 
driven. In earlier forms of recorders 
the response-determining elements 
were more or less fixed by other con- 
siderations, and the result was that 
it was difficult to effect a uniform re- 
sponse for frequencies above about five 
or six thousand cycles. In Figure 4 the 
solid curve (B) is a typical response- 
frequency characteristic of the feed- 
back recorder as actually used. It will 


171 and in Figure 3. i 
The use of the feed- 
back feature in the 


new recorder greatly 
simplifies the design. 
In previous devices 


mechanical elements 
had to be controlled 
within narrow limits to 
hold the response-fre- 
quency characteristic 
of the assembly within 
acceptable limits. This 
was difficult to do par- 
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Fig. 2—Simplified cross-section of the 1A recorder 
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be observed that the response is sub- 
stantially constant for frequencies be- 
tween forty and 15,000 cycles. The 
dotted curve (A) shows what the re- 
sponse-frequency characteristic would 
be if the feedback circuit were made 
inoperative. 

A further consideration in favor of 
the feedback recorder is that by 
nature it is ideally suited for cutting 
hard recording materials. Any ob- 
struction to the motion of the stylus 
decreases the feedback to the driving 
amplifier, and since the feedback is in 
phase opposition to the input, its re- 
duction allows more energy to flow to 
the recorder to overcome the obstruc- 
tion. The 1A recorder has been used 
with many different types of record- 
ing materials, and careful measure- 
ments indicate that the stylus motion 
is substantially the same whether 
cutting in soft wax or hard record 
materials or whether merely vibrat- 
ing in air. 

With the feedback recorder prop- 
erly wired into the recording system, 
the technique of recording is exactly 
the same as with non-feedback re- 
corders. Inasmuch as the new device 
provides relatively flat response, it is 
customary to provide any desired 


Fig. 3—The 1A recorder 


alteration of the response character- 
istic by means of electrical circuits 
connected at convenient points in the 
recording system. 

The 1A recorder has been subjected 
to an extensive field trial, and has 
met all expectations both as to me- 
chanical reliability and technical per- 
formance. Recordings made with it 
have a tone clarity not always at- 

tained with earlier 


™ types of recorders. 
Harmonic analyses of 
A the velocity of the 
\ WITHOUT f f 
\ FEEDBACK stylus at a frequency o 
300 cycles per second 
fa) f 
while cutting commer- 
w cial nitrocellulose di- 
B als show second and 
, 4 FEEDBACK \ third harmonics 36 and 
NY 43 db below the 
fundamental—a great 
10 20 50 100 §=6—200 500 1000 2000 5000 10,000 
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Fig. 4—Response characteristic of 1A feedback recorder 
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improvement over the 
possibilities of record- 
ersheretoforeavailable. 
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The Exponential Transmission Line 


By CHARLES R. BURROWS 
Radio Research 


N RADIO operation it is some- 
times desirable to connect two 
antennas in parallel to a trans- 
mission line. If the impedance of each 
antenna alone matches that of the 
line, when both antennas are con- 
nected they will present an impedance 
of only half that of the line. Such a 
mismatch results in reflection and 
standing waves on the line, with 
greater line losses and less radiation. 
The match may be restored by insert- 
ing a transformer, or a section of line 
along which the impedance changes 
exponentially with length. 
Experiments recently carried out 
by the Laboratories show that 
practical lines of the exponen- ~— 
tial type can be constructed. 
One of the experimental set- 
ups for such a line is illus- 
trated in Figure 1. It con- 
sists of a pair of conductors 
whose distance apart de- 
creases progressively from the 
high to the low impedance 
end. Atthe high impedance end 
the conductors are No. 6 wire. 
These are changed  succes- 
sively to tubes 4” and 38” in 
diameter toward the low im- 
pedance end where the current 
is greater and tends to increase 
heating. Increasing the size of 
the conductor also increases the 
spacing and decreases the pos- 
sibility of voltage breakdown. 
The input impedance of an 
experimental 600 to 300-ohm 
exponential line terminated 
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with a 300-ohm resistance is shown in 
Figure 2. Solid circles represent meas- 
urements made on a line nine meters 
long and open circles those on one 
three meters long. The curve gives the 
calculated value of the input im- 
pedance. The lower abscissa scale is 
the ratio of the frequency to that for 
which the line is one wave-length long 
and the upper scale gives the ratio 
of the frequency to that at the cut-off. 
At the higher frequencies the input 
impedance approaches the desired 
value of 600 ohms but at the lower 
frequencies the line merely serves as a 
connection between the input and the 


site 


Fig. 1—The impedance of an open-air radio trans- 
mission line can be changed exponentially with 
distance by varying progressively the distance apart 


or the size of its two conductors 
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load. The agreement of these experi- 
mental results with the theoretical 
formulas was considered a sufficient 
check to justify constructing a full 
scale model for study on the com- 
mercial transoceanic frequencies. 
Preliminary tests on a full-size 
model gave large deviations from the 
expected results, the major cause of 
which was found to be the inherent 
stray capacity of the mechanical sup- 
port at the terminals. An auxiliary 
experiment on a uniform line showed 
that it was possible to reduce the 


from its direct current value. Devia- 
tions of the input impedance from 
the desired 600-ohm value are not se- 
rious compared with those commonly 
found on uniform transmission lines 
in the transoceanic frequency range. 

The locations of these maxima and 
minima are the same as would be 
found with a uniform line terminated 
in approximately its characteristic 
impedance but with a small reactive 
component. This occurs because the 
characteristic impedance of the ex- 
ponential line is not a constant re- 


f£ sistance equal to the 
ie} 2 3 7 8 9 10 14 characteristic imped 
5 ing uniform line except 
z . . 
600 Pe at infinite frequency. 
As the frequency de- 
creases the character- 
2 ie istic impedance has an 
5 increasing reactive 
Z 200 
or 03 04 05 060708 COMponent and be- 
f comes a pure react- 
fo 


Fig. 2—Impedance characteristics of an experimental 600 to 
300-0hm exponential transmission line. The lower abscissa 
scale is the ratio of the frequency to that for which the length 


ance at and below the 
cut-off frequency. To 
reduce reflection from 


of the line is one wave-length and the upper scale gives the ratio the terminal and vari- 


of the frequency to the cut-off frequency 


effect of this stray ca- 
pacity by adding the eas 


ations in the input im- 
pedance, the line can 


1.08 
correct amount of in- , | 
ductance in series with 45, A 
the input impedance § V Y 
of the 600 to 300-ohm THEORETICAL 
exponential line was 5°” 
that shown in Figure # J 
3. The displacement 4 a l2 16 20 2. 28 


between the theoreti- 
cal and experimental 
curves at the higher 
frequencies is due to 
the deviation of the 
comparison resistance 
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Fig. 3—Input impedance of an exponential line with series 

inductance to compensate for stray capacity at the terminals. 

The difference between the theoretical and experimental 

curves is due to deviation at high frequencies of the comparison 
resistance from its direct current values 
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be terminated by a condenser that is 
placed in series with the resistance load. 

In Figure 4 curves a and B show 
respectively the measured and the 
calculated values of 


thereby making the termination more 
nearly approach a pure resistance. 

Results of measurements made on 
the exponential line illustrated in 


input impedance of a 66 116 
600 to 300-ohm expo- Ff 
nential line fifteen 
° RESISTANCE 

meters long with a re- TERMINATION: 
sistance termination. THEORETICAL | 

j 2 WITH SERIES CAPACITY 
Curves . and > give 4 ! AND SHUNT INDUCTANCE: 

=~ EXPERIMENTAL C 

the input impedance Z i 
when a series capacity ¥ H rat 

= - N 
was added at the high | 
: ta J 
impedance end and $600 1.00 
an inductance was i iN 

hunted the § LY \ 

shunted across the sz 4 0.96 
resistance at the low | YW 
impedance end. At the 

552 t 0.92 
lower frequencies I 
where the improve- 

: 528 0.88 

ment is needed most C) 4 l2 16 20 24 28 32 


the experimental curve 
c approaches the theo- 
retical curve pb, but 
at the higher frequen- 
cies it approaches the 
theoretical curve B for 
a resistance termina- 
tion. This is because in the calculations 
for curve D, the distributed capacity of 
the inductance was ignored. That ca- 
pacity, however, is sufficient to make its 
reactance anti-resonant with thatof the 
inductance at the high-frequency end, 
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Fig. 4—Input impedance of a 600 to 300-ohm exponential 
line fifteen meters long with a resistance termination; also 
with a series capacity at the high impedance end and an 
inductance shunted across the resistance at the low im- 


pedance end 


Figure 1 are given in Figure 5. The 
solid curve was calculated from theory 
and the two broken curves show the 
experimental values with and without 
insulators. Insulators change the in- 
put impedance but do not materially 

increase the amount of 


THEORETICAL /\ 


612 


1.06 its variation. 


Theory indicates 


| 


that the exponential 
line may be used as an 
impedance transformer 


INPUT IMPEDANCE IN OHMS 


over a wide frequency 
range and experiment 


564 WITHOUT 
INSULATORS h h 
EXPERIMENTAL ISOLANTITE INSULATORS shows that the adim- 
v M . . 
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line having these prop- 
erties can be overcome. 


Fig. s—Impedance of the exponential line shown in Figure \ 
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NEWS AND PICTURES 
OF THE MONTH 


Photograph by Kay Hart 

Fames W. Bancker has been elected a Director of Bell Telephone Laboratories, 

to fill the vacancy caused by the retirement of Edgar 8. Bloom. Mr. Bancker 

is a Vice-President of the Western Electric Company and an officer or a 
director of a number of affiliated companies 
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News of the Month 


ExpERIENCE WitH Po ice Rapio 


BEFORE THE RADIO SYSTEM began to operate 
in Illinois the police were able to recover only 13 
per cent of the stolen cars reported. In the first 
year of radio operation this figure jumped to 72 
per cent and has continued to increase ever since. 
For the first ten months of 1939, 86.5 per cent of 
all persons reported missing were located and 
65.7 per cent of the persons sought for criminal 
acts were apprehended. The personnel of the 
Illinois force consists of 350 police officers who 
patrol over 13,000 miles of paved roads in a 
territory of 56,000 square miles. 

The Illinois network has seven stations, all 
equipped with Western Electric 1000-watt trans- 
mitters. These transmitters are located at 
Springfield, Chicago, Pontiac, Sterling, Macomb, 
Effingham and Duquoin. 


Out-or-Hour Courses 


THE SPRING TERM of Out-of-Hour Courses, 
which began during the week of January 29, in- 
cludes three one-term courses and a continuation 
of eight courses from the fall term. The one-term 
courses, arranged under the supervision of E. W. 
Waters of the Personnel Department, are: 

Applied Electrochemistry by H. E. Haring. 
This is a new course and is offered for those who 
wish to obtain some knowledge of the funda- 
mental principles of electrochemistry and of their 
application. Emphasis will be placed upon the 
electrochemistry of aqueous solutions. Subjects 
which will be discussed include the nature and 
properties of solutions, electrodes and electro- 
lytic behavior, polarization and overvoltage, 
corrosion, tarnish, electroplating, anodizing, 
electrolytic condensers and storage batteries. 

Practice in Shorthand Dictation by Mrs. F. B. 
Luneburg. This course is designed primarily for 
young women who have a knowledge of short- 
hand and are interested in increasing their speed 
in taking dictation. Subject matter will be 
selected largely from technical literature. 

First Aid by L. E. Coon and H. P. Smith. 
Standard course of the American Red Cross. 

The eight courses continued from last term 
are Electronic Devices by J. O. McNally, M. S. 
Glass, C. E. Fay and S. B. Ingram; Engineering 
Materials by R. Burns and I. V. Williams; 
Panel-Type Dial System by D. H. Pennoyer; 
Crossbar Dial System by T. J. Grieser and O. H. 
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Williford; Telephone Transmission Practice by 
members of the Transmission Development De- 
partment; Electron Optics by C. J. Davisson; 
Network Analysis and Feedback Amplifier Design 
by H. W. Bode; and Telephone Switching Systems 
by J. W. Dehn. 


Rapio REcEIvVING EQuIPMENT AT 
La Guarpia FIELD 


To RECEIVE CALLS from five commercial air- 
lines, from the flying units of the U. S. Army and 
Navy, and from private airmen, fifteen Western 
Electric radio receivers have been provided for 
the recently opened La Guardia Field in New 
York City. The receivers and antennas are lo- 
cated on Rikers Island in the East River from 
which point the signals are transmitted over wire 
lines to the control tower at the field. 

Day and night channels are assigned to United 
Air Lines, T.W.A., Eastern Air Lines, and for 
the regular and southern routes of American 
Air Lines. A receiver is constantly tuned to 4495 
kilocycles, the frequency for military aircraft. 
The voices of private fliers come in on a day- 
time frequency of 3105 kilocycles and a night- 
time frequency of 6210 kilocycles. The two addi- 
tional receivers are maintained as emergency 
spares with the possibility that additional 
channels will be allocated to them in the future. 

These receivers, types 234 and 23AB, are 
similar to those employed at many of the Bell 
System’s coastal harbor-radio telephone stations 
which serve vessels operating off the Atlantic and 
Pacific seaboards and in the waters of the Gulf. 


CoLLoguIuM 


At THE DeEcEMBER 18 meeting of the Collo- 
quium, Dr. Fred E. Wright of the Geophysical 
Laboratory at Washington, D. C., spoke on 
The Surface of the Moon. In studies of the moon’s 
surface the observer is limited to the telescope 
and to methods and apparatus that enable him 
to detect any changes produced in the sun’s rays 
on reflection and scattering by lunar surface 
materials. The instruments and methods de- 
veloped and used by the Carnegie Institution of 
Washington to ascertain the nature of these 
materials and their distribution and relations 
one to another (photographic lunar map and 
topographic map of certain lunar features) were 


described by Dr. Wright. 
February 1940 


J. B. Fisk discussed Production of Million-Volt 
Particles at the January 8 meeting. A number of 
methods were described for producing particles of 
million-volt energy or more. Particular emphasis 
was placed on the development of the cyclotron, 
leading to the powerful new Berkeley machine, 
and on the electrostatic generator. These de- 
velopments have made very energetic elementary 
particles of all kinds available. They have already 
been responsible for the production of interesting 
and useful unstable forms of the elements. In 
some applications they have yielded information 
concerning the forces holding matter together; 
while in others very high velocity electron 
streams are produced which, to date, have been 
applied chiefly to the production of penetrating 
X-rays. Dr. Fisk demonstrated a Van de Graaff 
electrostatic generator. 


MourHPIECE FOR ARTIFICIAL 
Larynx DEMONSTRATORS 


WHEN A NORMAL person demonstrates the 
artificial larynx, he puts the soft rubber mouth- 
piece into his mouth and presses the bellows. To 
talk with his own vocal cords, he must withdraw 
the tube. A method which avoids this in-and-out 
motion has been used by Dean T. Smith of the 
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Southern California Telephone Company, who 
gives many demonstrations of the larynx in con- 
nection with his popular lectures. Pitching his 
own voice differently from the larynx and keeping 
the instrument constantly at his lips, Mr. Smith 
can carry on a dialogue, or even intone a duet 
with himself, to the delight of his audience. 

A slight modification of the larynx is helpful to 
the new technique. The standard mouthpiece is 
about three inches long with a beveled opening. 
It is placed in the mouth flat along the tongue 
with the bevel facing up. 

The modified tube, which is about an inch and 
a half longer, is inserted as far back in the throat 
as possible and held in place between the back 
teeth at the side of the tongue. The beveled 
opening faces the throat instead of the roof of 
the mouth; and a small hole, about an eighth of 
an inch in diameter, is on the opposite side from 
the bevel. If tongue and palate, coming together 
in sounds like G and K, close the end of the tube, 
tone can still pass through this opening. 

First attempts at the new technique may cause 
some discomfort because the tube is inserted so 
far back as to tickle the throat but a little prac- 
tice overcomes the difficulty. 


Rapio- 
TRANSMITTERS 


WesTERN Exectric Company is now prepared 
to manufacture frequency-modulated radio- 
broadcast transmitters. Under an agreement re- 
cently made with Major E. H. Armstrong, these 
transmitters will make use of the wide-swing 
frequency-modulation system developed by him; 
and wil! include also several important features 
which have been developed by Bell Telephone 
Laboratories, designed to contribute to the 
economy of operation and naturalness of the 
transmitted sound. 

An initial experimental transmitter of 1-kw. 
capacity will go into operation about March 1. 
This installation will be made by Western 
Electric in codperation with Radio Station 
WOR to study the transmission characteristics 
of this new system and it will carry the pro- 
grams of the Mutual network on an experi- 
mental frequency allocation. Further develop- 
ment work is now being carried on by Bell 
Telephone Laboratories at Western Electric’s 
Kearny Works and at the radio laboratory at 
Whippany. 


News Notes 


F. B. Jewett’s address, 4 Quarter Century of 
Transcontinental Telephony, delivered under 
auspices of the Steinmetz Memorial Foundation 
at a meeting of the Schenectady section of the 
A.I.E.E., was published in the January issue of 
Electrical Engineering. 
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Dr. JEwetr attended Mr. Gifford’s dinner to 
Mr. Bloom at the Links Club on December 28. 

M. J. Ketty, at Chicago, visited the Western 
Electric Company and attended meetings of the 
American Physical Society, the Council of the 
American Physical Society and the Board of the 
American Institute of Physics. 

Dr. KeELty gave a talk on Significant Trends 
at the Patent Department luncheon. 

‘= 

ON THE SEVENTH of January, F. D. Waldron 
completed twenty-five years of service with the 
Western Electric Company and the Laboratories. 
He joined the Engineering Department of the 
Western Electric Company in 1915 and except 
for the war period when he was engaged in the 
development of radio equipment for the Signal 
Corps, spent the following thirteen years with 
the apparatus design group in the development 
of manual central-office apparatus. Since 1928, 
in the Outside Plant Department, he has been 
concerned with the development of cable ter- 
minals and protective apparatus for outside 
plant. Mr. Waldron was associated with the 
development of the terminals used in the type-K 
carrier system. More recently he has been 
working on terminals used in connection with 
maintaining cables under gas pressure. 

= 

A. C. L. Heitner of the Systems Develop- 
ment Department completed twenty-five years 
of service with the Western Electric Company 
and the Laboratories on the sixteenth of January. 
Before joining the Bell System Mr. Heitner 
spent three years with the Nyelec Switchboard 
Company and the Krantz Manufacturing Com- 
pany designing power switchboards. During this 
time he completed the evening electrical engi- 
neering course at Pratt Institute. He joined the 


F. D. Waldron 
[iv] 


A.C. L. Heitner 


Engineering Department of the Western Electric 
Company in 1913 and for a year was concerned 
with various inspection phases of the installation 
work done by the Installation Department. He 
transferred to the Installation Department 
where he installed and tested central-office 
equipment. He then left the company and upon 
his return in 1917 entered the drafting group of 
the Systems Development Department where he 
worked on wiring diagrams used by Western 
Electric and Associated Companies during instal- 
lation of equipment. 

During the latter part of the World War Mr. 
Heitner was with the 209th Field Signal Bat- 
talion. Following this he returned to the drafting 
group on circuit schematic work but transferred 
a year later to the Methods of Operation group 
and then to the group preparing individual 
central-office key sheets. From 1923 to 1932 he 
was concerned with the analyzation of non- 
standard orders placed on the Western Electric 
Company by the Associated Companies and 
especially of non-standard requirements for 
panel offices. Since 1932 Mr. Heitner has been in 
the standardization group of the Central Office 
Switching Development Department. 

WIRE INSULATION problems were discussed 
with engineers of the Western Electric at 
Kearny by H. H. Glenn, E. B. Wood, D. R. 
Brobst and J. F. Barry. 

F. V. Haske t, with A. R. Colman of the Bell 
Telephone Company of Canada, visited the 
Wallaceburg, Ontario, plant of the Dominion 
Glass Company on matters pertaining to the 
manufacture of wooden-pin type insulators. 

W. S. Hayrorp was in Boston from December 
6 to 9 discussing with engineers of H. K. 
Porter, Incorporated, the manufacture of sleeve 
pressers for drop and _ inside 
wire. 

J. M. Harpesty attended 
the meetings of Committees 
C-12 (masonry mortars) and 
C-15 (manufactured masonry 
units) of the American Society 
for Testing Materials at Wash-— 
ington on December 11 and 12. 

H. L. Coyne and D. W. 
PirkIn visited the 108th Street 
Office of the New York Tele- 
phone Company for the pur- 
pose of inspecting timers. 

I. L. Hopxins and C. H. 
WHEELER, in company with 
E. A. Holmes of the Badger 
Fire Extinguisher Company, 
visited the Manhattan Rub- 
ber Company at Passaic, New 
Jersey, in connection with the 
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manufacture of parts for water-filled fire ex- 
tinguishers. 

C. Ertanp NE-son was in Pittsburgh to in- 
vestigate maintenance methods for silver-plated 
panel banks. 

SEVERAL ENGINEERS from Hawthorne visited 
the Laboratories during December, among whom 
were I. G. Barber who discussed relay develop- 
ments, metal finishes and tools; M. H. Cook, 
panel apparatus and relays; and W. J. Tietz 
and W. R. Samson, step-by-step apparatus. 

T. L. Corwin visited the Teletype Corporation 
in Chicago in connection with development work 
and testing on a model of the typing reperforator. 

F. R. McMorry and E. F. Watsov, also at the 
Teletype Corporation in Chicago, discussed the 
typing reperforator, and “streamlined” cabinets 
for a special installation. 

DuRING THE FOURTH QUARTER of 1939 the 
following members of the Laboratories have been 
enrolled as members of the Telephone Pioneers 
of America: 


N. M. Anderson M. Le Boff 

H. J. Battaglia W. J. Leveridge 
Mrs. A. Boutrelle S. H. Lovering 
W. B. Cardell M. R. McKenney 
J. J. Catogge Harry Nyquist 


H. C. Caverly 
H. B. Coxhead 
Miss L. Dahlman 
C. R. Englund 


H. A. Pidgeon 
C. D. Richard 
G. A. Ritchie 
H. B. Smith 


W. Frees Miss E. Smith 

R. Gerardi William Spangenberg 
C. D. Hartman C. E. Swenson 

Philip Husta G. F. Voehl 

Bartow Koopman F. A. Zupa 


J. R. Townsenp, at Ishpeming, Michigan, 
spoke on Interesting Applications of Metals in 
Telephony. He also described the high-speed 
motion picture camera developed by the Lab- 
oratories, discussed its use in the development of 
telephone apparatus, and showed motion pictures 
taken with the camera. 

J. P. Guerarp made periodic visits to the 
Chester field laboratories where measurements 
are being made of the seasonal strains on various 
types of aerial cable sheath. 

C. H. Greena.t presided at meetings of 
Committee B-5 on copper and copper alloys of 
the American Society for Testing Materials at 
the Hotel New Yorker on December 11 and 12. 

Mr. GREENALi has been appointed as the 
representative of the American Society for Test- 
ing Materials on the Non-Ferrous Metals 
Division of the Society of Automotive Engineers, 
replacing Dr. C. H. Mathewson who has re- 
quested to be relieved of the position. 

E. C. Erickson and W. W. WERRING spent one 
and two days respectively in Philadelphia at- 
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This booklet reprints articles on the crossbar 
system that appeared in the Recorp during 
1939. It thus reviews in convenient form many 
of the major circuit arrangements and illus- 
trates by photographs most of the various types 
of switching frames. It is stocked by the West- 
ern Electric Company for distribution to the 
Associated Companies. Members of these 
Laboratories who wish copies for their indi- 


vidual use should apply to G. F. Fowler 


tending the committee meetings of the American 
Standards Association. 

T. S. Huxuam visited both the Bakelite Cor- 
poration and the Watson-Stillman Company of 
New Jersey to discuss injection molding of trans- 
parent fingerwheels. 

L. N. Hampton and R. V. Terry visited the 
Haydon Manufacturing Company at Forestville, 
Connecticut, to discuss motor-driven clocks, 
particularly for use on switchboards. 

S. T. Curran, at Hawthorne, discussed 
the manufacture of key-equipped telephone 
sets, and E. C. Matthews, the keys for these 
sets and also problems of visual-ringing signals; 
H. N. Wagar, the design of magnet coils; J. D. 
Hubbell, the manufacture of ringers; J. R. 
Townsend, phenol-fibre and molding problems; 
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Charles Sauerbrey, 1877-1940 


R. Burns, molding problems; W. S. Ross, ringing 
power plants; and A. F. Bennett, A. R. Kemp and 
W. J. Clarke, plastics for handsets. 

Miss Acnes J. Cooney of the Research Staff 
Department, with service from August 20, 1936, 
died on December 13. Following her graduation 
from Cathedral High School in New York City, 
Miss Cooney joined the General Service Depart- 
ment of the Laboratories as a messenger. Four 
months later she transferred to the Research 
Staff Department where she was engaged in 
clerical work in connection with departmental 
case-cost routines involving transfers of expense, 
notification of case changes and other miscel- 
laneous duties. 

CHARLES SAUERBREY, a former member of the 
Development Shop who retired last September 
after forty-four years of service, died on January 
1. A biographical sketch of Mr. Sauerbrey, 
written on the occasion of his retirement, ap- 
peared in the October issue of the REcorp. 

B. L. Crarke lectured on Chemistry and the 
Telephone Industry before the Phi Lambda 
Upsilon Fraternity at New York University. 

S. O. Morcan and M. D. RicTerInK visited 
the plant of the General Ceramics Company at 
Keasbey, New Jersey, to observe the manufac- 
ture of steatite ceramics. 

Mr. Morcan was appointed vice-chairman 
of the Conference on Insulation of the National 
Research Council at the annual meeting of the 
Conference held at Cambridge. 

H. W. Hermance and T. F. Ecan visited the 
Walnut and Brandywine central offices of the 
Bell Telephone Company of Pennsylvania in 
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Agnes F. Cooney, 1918-1939 


Pittsburgh where they made 
micro-analytical studies of 
panel-bank contacts. 

W. A. YAGER was elected to 
full membership in the Society 
of Sigma Xi by the Union 
College Chapter. 

At Point BREEZE and at 
the National Bureau of Stand- 
ards in Washington, R. M. 
Burns, H. E. Haring and E. E. 
Schumacher discussed electro- 
plating, corrosion and metal- 
lurgical problems. 

Mr. Burns also attended a 
meeting of the American Co- 
ordinating Committee on Cor- 
rosion held in Washington. 

THE ANNUAL MEETING of the 
American Physical Society, 
held at Ohio State University, 
Columbus, from December 28 
to 30, was attended by J. A. Becker, W. H. 
Brattain, K. K. Darrow, Harvey Fletcher, L. H. 
Germer, F. E. Haworth, H. E. Ives and A. H. 
White. Messrs. Germer and Haworth presented 
a paper entitled Order in the Copper-Gold Alloy 
System. Dr. Ives, as Vice-President of the 
Physics Section of the American Association for 
the Advancement of Science, delivered his retir- 
ing address entitled The Measurement of Velocity 
with Atomic Clocks at a meeting held jointly with 
the American Physical Society and The American 
Association of Physics Teachers. Dr. Darrow pre- 
sided at this joint meeting and was toastmaster at 
the dinner of the American Physical Society. 

K. K. Darrow spoke on Nuclear Fission, A 
New Type of Transmutation at a meeting of the 
Radio Colloquium held at Holmdel. 

F. C. Nix gave a talk entitled Order and Dis- 
order in Alloys before the Physics Colloquium of 
the University of Pennsylvania. 

F. S. Goucuer, assisted by J. R. Haynes, gave 
his demonstration lecture on The Microphone and 
Research at the December 14 meeting of the 
Cleveland Section of the A.I.E.E. 

An INTER-AMERICAN RADIO CONFERENCE Con- 
vened in San Diego, Chile, on January 17 at 
which there was discussed problems concerned 
with the use of short-wave frequencies for 
the various modes of service, especially for 
inter-continental aviation routes. During De- 
cember Lloyd Espenschied attended U. S. 
preparatory conferences held in. Washington 
under the auspices of the State Department. 

H. M. Hactanp visited the Western Electric 
Repair Shops at Chicago to discuss repair pro- 
cedure for the 740-type Dial PBX. 

J. T. Torian, at St. Louis, supervised the 
installation of the trial of 40C1 voice-frequency 
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carrier-telegraph equipment and 140A1 carrier- 
supply equipment. ; 

J. H. Soxe visited the Ohio Bell Telephone 
Company, manufacturers of diverter pole gener- 
ators at Cleveland and the General Electric 
Company at Fort Wayne to discuss the design of 
power equipment. 

D. E. TrucksEss was in Newton and Wal- 
tham, Massachusetts, in connection with regu- 
lated tube rectifier design. 

V. T. CaLLaHAN’s activities on gasoline and 
Diesel engines took him to Detroit, Lansing, 
Milwaukee, Minneapolis, Canton, and Sharon. 

E. M. Situ has been in Chicago assisting the 
engineers of the Teletype Corporation in the 
design of cabinets for housing new designs of 
teletypewriter equipment. 

F. T. Meyer addressed members of the Uni- 
versity Club of Portchester, New York, on 
December 19. His subject was The Voice Mirror. 

W. J. LacerteE spent several days in Washing- 
ton and Alexandria discussing the introduction 
of crossbar equipment in that area. 

P. L. Wricut and W. BENNETT were in 
Chicago, where they discussed improvements for 
the dial office in Pierre, South Dakota. While 
there they inspected the new Chicago weather- 
announcing bureau. 

M. E. Srriesy spoke on The New Coaxial 
Installation Between Stevens Point and Minne- 
apolis and L. S. O’Roark on New Developments 
in Bell Telephone Laboratories in connection with 
the Out-of-Hour lecture series of the New York 
Telephone Company. 

DurING THE MONTH of December patents 
were issued to the following members of the 
Laboratories: 


A. B. Bailey R. L. Lunsford 

B. G. Bjornson W. P. Mason 

K. C. Black E. R. Morton 

G. C. Cummings J. B. Newsom 

J. R. Davey H. Nyquist 

L. A. Elmer G. L. Pearson 

J. C. Field L. C. Peterson (2) 
E. W. Gent H. M. Pruden 

E. I. Green W. T. Rea 

R. B. Hearn (2) F. W. Reynolds 
R. A. Heising R. R. Riesz 

L. Hochgraf G. H. Rockwood, Jr. 
A. W. Horton, Jr. L. R. Schreiner 

J. L. Hysko E. St. John 

H. E. Ives A. S. Windeler 


J. P. Rapciirr was in Philadelphia recently 
to test the new pilot-supply equipment for the 
three-megacycle coaxial repeater. 

G. B. Encetuarpt and J. spent 
most of December in Wisconsin making some of 
the initial transmission measurements on the new 
coaxial cable which is now being installed on the 
Stevens Point-Minneapolis route. 
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A. L. Stittweit and M. M. Jones made fre- 
quent visits to Kearny during the past month 
in connection with the testing and adjustment of 
coaxial-repeater equipment for the New York- 
Philadelphia coaxial trial. 

DuRING THE MONTH of January the following 
members of the Laboratories completed twenty 
years of service in the Bell System: 


Apparatus Development Department 


R. W. DeMonte R. E. Kuebler 
L. G. Young 
Research Department 
H. T. Friis H. F. Hopkins 


Theodore Osmer 


Systems Development Department 
Miss Loretta Farrell Joseph Shea 
John Filmore Miss Emma L. Way 


Transmission Development Department 
S. Brand J. P. Ferrigni 


Medical Department 
Dr. C. A. O'Malley 


General Accounting Department 
F. F. Harlin 


DvRING THE MONTH of December C. C. Flem- 
ing, B. J. Kinsburg and B. H. Nordstrom made 
installation tests and adjustments on the three- 
megacycle repeater equipment now being in- 
stalled on the New York-Philadelphia coaxial 
cable. H. H. Benning, B. Dysart and J. D. Sarros 
also spent much of their time on the same project, 
being concerned with both the production and 
installation of the equipment. 

R. B. Gautuier and A. C. MitcHe t of the 
Long Lines Department spent most of the month 
co6perating in the installation and adjustment of 
the three-megacycle coaxial repeater equipment 
in order to familiarize themselves with the type 
of equipment which will be installed early this 
year on the Stevens Point-Minneapolis cable. 

IN CONNECTION with a series of submarine 
cable tests, W. M. Bishop, W. P. Frawley, J. 
J. Gilbert, Q. E. Greenwood and L. B. Hochgraf 
recently visited the Okonite works in Passaic, 
New Jersey. 

J. Mattetrt has been at Neillsville, Wisconsin, 
in connection with the Stevens Point-Minneapolis 
coaxial cable. 

E. S. Witcox has completed the carrier- 
frequency crosstalk tests near Fort Worth on 
which he has been engaged for nearly four years 
and is returning to New York. 

L. Hocucrar and B. C. GrirrirH made im- 
pedance measurements at Point Breeze on a reel 
length of the layer-shielded cable to be installed 
between Cincinnati and Macon. 

TESTS OF TRANSMISSION stability and noise 
on channels of a type-J2 carrier-telephone 
system between Oklahoma City and Albuquerque 
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are being made by R. K. Bullington, M. T. Dow 
and A. W. Lebert. 

Joun Mitts visited area headquarters of the 
Bell Telephone Company of Pennsylvania at 
Harrisburg, Pittsburgh and Philadelphia during 
the month of January and spoke before super- 
visory discussion groups. While at Pittsburgh he 
attended the mid-winter dinner meeting of the 
A.I.E.E. Pittsburgh section, and spoke on the 
subject How the Telephone Went Transcontinental 
Twenty-Five Years Ago. 

At COLLEGEVILLE, PENNsyLvaniA, A. B. 
Haines, J. M. Duguid and A. F. Burns observed 
the operation of the new static-type low-tone 
generator now on trial in the step-by-step com- 
munity dial office which serves this locality. 

F. R. SranseEx attended an underground cable 
cut-over near New Brunswick at which he ob- 
served the operation of high-frequency equip- 
ment for cable-conductor identification. 

N. Ins.ey spent December 14 at the National 
Bureau of Standards observing lamp-test meth- 
ods and photometer equipment. 


W. V. THompson was at Point Breeze on. 
December 20 and 21 in connection with design 
of cords for audiphones. 

Durinc DecemBer H. M. Trueblood, R. K. 
Honaman and K. L. Maurer inspected the 
manufacture of coaxial cable at the Point Breeze 
plant in connection with an investigation of the 
dielectric properties of coaxial units. 

E. H. Gitson, at Franklin, New Hampshire, 
inspected an automatic oscillograph installation, 

S. S. A. Watkins described and demonstrated 
the Voder before the Middle Atlantic section of 
the Society for the Promotion of Engineering 
Education at its annual fall meeting held at the 
Polytechnic Institute of Brooklyn. G. B. Thomas, 
R. A. Deller, R. J. Heffner, M. S. Mason and 
E. W. Waters also attended this meeting. 

H. A. Burcess appeared before the Board of 
Appeals at the Patent Office in Washington 
relative to an application for patent. 

G. F. HEveRMAN was in Philadelphia, Penn- 
sylvania, to attend the taking of testimony in 
interference proceedings. 


An electric stop clock for service-observing desks, where stop watches 
are now used to time various steps in handling different types of calls, 
has been developed by the Laboratories. It has a 3-inch dial with two 
concentric graduated scales. The outer totals 100 seconds in half- 
second intervals and the inner sums the time the clock runs up to 
3,000 seconds. There are three hands: the main hand, a split-second 
hand and a smaller totalizing hand. The split-second hand travels 
with the main hand until stopped and realigns itself with that hand 
when released. A cord switch, held by the operator, controls the hands 
and they are restored to zero by pushing the lever on the case. A 20-volt 
motor, operated from a transformer on 60 cycles, drives the clock. 
The large dial is easier to read than that of a stop watch and the 
simpler and more rugged mechanism will lower maintenance costs 


Frequency Modulation 


By J. G. CHAFFEE 
Radio Research 


N THE usual type of radio trans- 

mission, the amplitude of a con- 

stant-frequency carrier wave is 
varied, or modulated, to conform to 
the signal wave. Thus with a carrier 
as shown at (a) in Figure 1 and a 
signal as shown at (b), the modulated 
wave appears as at (c). Such ampli- 
tude modulation may be accom- 
plished, for example, by varying the 
plate voltage of an oscillator or 
amplifier in- accordance with the 
amplitude of the signal. In general, 
however, modulation is the modifica- 
tion of some property of a_high- 


(a) 


(9) 


Fig. 1\—A carrier wave of constant amplitude and frequency 
(a), when amplitude-modulated by a signal (b), appears as 
at (c). When frequency-modulated, it appears as at (d) 
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frequency wave in accordance with 
the instantaneous value of the signal 
wave. Instead of changing the ampli- 
tude of the carrier to conform to the 
signal, its frequency can be varied, 
giving rise to what is known as fre- 
quency modulation. With the same 
carrier and signal as at (a) and (b), a 
frequency-modulated wave would ap- 
pear as at (d). Such frequency modu- 
lation might be accomplished by 
using a condenser microphone as part 
of the capacity of an oscillating circuit. 
Frequency modulation is a rela- 
tively old idea and has been of interest 
to engineers for twenty 
years or more. Wide 
attention has recently 
been drawn to its pos- 
sibilities by Professor 
E. H. Armstrong who 
points out that impor- 
tant advantages result 
from a combination of 
wide frequency bands 
together with severe 
amplitude limitation of 
received signal waves. 
In these Labora- 
tories, experiments 
with frequency modu- 
lation were made sev- 
eral years ago in the 
course of work with 
high-frequency oscil- 
lators of the Bark- 
hausen type. When 
amplitude modulation 
was applied to one of 
these oscillators, it was 
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(b) 


found that the frequency varied over 
wide limits. This quite naturally led 
to a study of this form of modulation 
in communication systems. One of the 
results of this study has been the 
development of a novel receiving sys- 
tem for frequency-modulated waves 
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proportion to the instantaneous am- 
plitude of the signal. As the signal cur- 
rent increases on the positive side of 
the axis, the carrier vector will be 
increased beyond its normal value, 
and as the signal goes negative, the 
vector will be decreased below its 
normal value. Full, or 
ms one hundred per cent, 
modulation would 
! vary it from zero to 
twice normal value. 
The rate of rotation, or 


(a) (b) 


Fig. 2—An alternating current may be represented by a 

vector of constant length rotating counter-clockwise at a 

constant speed equal to the frequency. By illuminating this 

vector once each revolution, it would appear stationary as at 

(a). Amplitude modulation of such a wave would be indicated 
as at (b), and frequency modulation as at (c) 


which very markedly reduces noise 
and distortion. 

Although the difference between an 
amplitude-anda frequency-modulated 
wave can be illustrated as shown in 
Figure 1, some of the characteristics 
of these forms of modulation, par- 
ticularly the effect of noise-producing 
disturbances, can be shown better by 
means of a vector diagram. A con- 
stant-amplitude alternating-current 
wave of fixed frequency, such as a 
carrier wave, can be represented by a 
rotating vector as indicated at (a) 
in Figure 2. The length of this vector 
represents the maximum value of the 
current, and the instantaneous value 
1s represented by the projection of this 
vector on the horizontal axis. One 
revolution of the vector represents one 
cycle, since for each revolution its 
projected or instantaneous value 
passes from maximum positive, to 
zero, to maximum negative, and back 
through zero to maximum positive. 

The effect of amplitude modulation 
is to shorten or lengthen the vector in 
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frequency, would not 
be changed. If the vec- 
tor were represented 
by an arrow that could 
actually be rotated at 
the carrier frequency, 
and be illuminated by 
a lamp that flashed 
just once for each revolution, the un- 
modulated vector would appear fixed 
as at (a), since each time the lamp 
flashed, the vector would have re- 
turned to the same position. The 
amplitude-modulated vector, under 
these conditions, would appear as 


(c) 


Fig. 3—Noise can be represented by a 

vector N added to the carrier vector, which 

produces both phase and amplitude changes 
in the resultant vector 
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at (b). Its position would remain 
fixed, because the frequency is con- 
stant, but its length would vary. 

With frequency modulation, how- 
ever, the length of the vector would 
remain constant, but its position 
would vary as shown at (c). As the 
signal wave increased on the positive 
side, the frequency would increase so 
that on successive rotations of the 
vector it would appear farther and 
farther to the left. As the signal went 
negative the vector would decrease in 
speed and thus appear farther and 
farther to the right at successive rev- 
olutions. The time required for a full 
swing from left to right and back is 
equal to the time, or period, of one 
cycle of the signal, while the distance 
moved to right or left is a function of 
the area under the signal wave, and 
thus depends on both frequency and 
amplitude. With frequency modula- 
tion, it will be noted, there is no such 
limitation as is represented by one 
hundred per cent modulation with 
amplitude modulation. The vector 
may increase in frequency to such 
extent that its phase is advanced by 
many complete revolutions before the 
process is reversed. 

The effect of noise disturbances is 
to add a rotating vector N at the end 
of the carrier vector as indicated in 
Figure 3. This noise .vector will not 
rotate at the same rate as the carrier 
vector. In general it will be rotating 
at an irregular rate and will also be 
constantly changing in length. The 
resultant wave can be represented 
by r, which will vary both in ampli- 
tude and phase with respect to the 
unmodulated carrier vector c. Except 
as modified by the method of recep- 
tion, both of these variations would 
appear as noise in the output signal. 

To provide for the detection of a 
frequency-modulated wave, a net- 
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work is needed with an admittance 
that is a linear function of frequency. 
When the modulated wave is applied 
to such a network, the amplitude of 
the output current is directly propor- 
tional to the instantaneous frequency, 
so that the frequency modulation is 
converted to amplitude modulation, 
and may be detected in the usual 
manner. With such a_ conversion 
network, both the phase and ampli- 
tude changes of the resultant vector R 
appear as amplitude changes. 


The effect of the high-frequency 


INTERMEDIATE 
FREQUENCY CONVERSION 
AMPLIFIER CIRCUIT 
MODU-~ DETEC- 
LATOR TOR 


Fig. 4—Simplified block schematic of the 


Laboratories feedback receiver for frequency- 
modulated waves 


FREQUENCY- 
MODULATED 
OSCILLATOR 


disturbance N may be reduced by 
passing the received current through 
a current-limiting device before it 
reaches the conversion circuit. This 
current-limiting device, which can 
take the form of a severely overloaded 
amplifier, reduces the current and 
holds it at an essentially constant 
value. Its effect on the vector R of 
Figure 3 would be to reduce it to 
some value Rr’, and to hold it constant 
at that value, thus removing the 
amplitude variations produced by the 
disturbance. The only effect of the 
noise would therefore be to move the 
vector R’ over the small arc a-d, 
which, by an increase in signal modu- 
lation, can be made very small rela- 
tive to the arc of frequency modu- 
lation. The frequency band, of course, 
will be increased in width, and this is 
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the price that must be paid for the 


INTERMEDIATE - 
FREQUENCY 
WAVE 


frequency modulation, will increase 
the frequency of the oscillator. As a 
result the change in the intermediate 
frequency will be less than the full 
change in the carrier frequency, be- 
cause it is the difference between the 
oscillator and carrier frequencies, and 
the oscillator frequency increases 
along with the carrier frequency but 


LOCAL 
OSCILLATOR CARRIER 


Awe 


decrease in noise. At the ultra-high 
frequencies, however, ample fre- 
quency space is at present available, 
so that this is not now a particularly 
serious obstacle. 

In these Laboratories a receiver has 
been developed that does not use the 
current limiter, but instead employs 
an unusual form of 
stabilized feedback 
that permits both the 
amplitude and phase 
effects of noise to be 
reduced to a very large e 
extent. A block sche- 
matic of this circuit is 
shown in Figure 4. The = 
incoming wave is com- 
bined in a modulator 
with the output of a 
local oscillator to pro- 
duce an intermediate- 
frequency wave. This is then ampli- 
fied, delivered to the conversion net- 
work, and finally detected. The local 
oscillator is of a type that can be 
frequency-modulated, and a portion 
of the output of the detector is fed 
back to modulate this oscillator. 

If the local oscillator were not mod- 
ulated, the intermediate-frequency 
wave would be of the same form as the 
transmitted wave but would have a 
mean frequency equal to the differ- 
ence between the frequency of the 
wave incoming to the modulator and 
the frequency of the oscillator. When 
the local oscillator is modulated, how- 
ever, the variations about the mean 
frequency—which are also equal to 
the differences between the input and 
oscillator frequencies—become less. 
As the frequency of the carrier in- 
creases, for example, the detector out- 
put will increase in amplitude because 
of the action of the conversion cir- 
cuit; and this amplitude increase, by 
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Fig. s—By use of a frequency-modulated local oscillator, the 
frequency modulation at the intermediate frequency is re- 
duced by the amount of the feedback 


to a smaller extent. As a result also 
the frequency modulation at the 
intermediate stage, due both to signal 
and to noise, is less than that of the 
incoming wave, as shown in Figure 5. 

In the absence of feedback, fre- 
quency modulation can be applied at 
the transmitter to an extent deter- 
mined by the linear range of the con- 
version circuit, since the incoming and 
intermediate waves will vary in fre- 
quency to exactly the same extent. 
The application of feedback reduces 
the variations experienced by the 
intermediate wave, thus decreasing 
the level of the received signal, and at 
the same time diminishes the noise at 
the output of the receiver. It then 
becomes possible to increase the mod- 
ulation level at the transmitter, re- 
store the signal to its former value, 
and improve the signal-to-noise ratio 
by the amount of the feedback. In 
addition to this, the feedback also 
reduces any distortion products gen- 
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erated during the process of amplifi- 
cation, conversion, or detection. 

With an amplitude-modulated wave 
and a feedback receiver, a somewhat 
similar process can be carried out, but 
with an important difference. In ordi- 
nary practice, the transmitter is fully 
modulated at the peaks of signal 
power, so that the only way to obtain 
the equivalent of increased modula- 
tion is to increase the power of the 
transmitter, which—of course—is an 


expensive procedure. With frequency 
modulation, however, the amount of 
modulation has no such limit as is 
encountered in amplitude modulation, 
and except for limitations of frequency 
space in the transmitting medium 
may be increased over a very wide 
range provided the feedback keeps it 
within the range of the conversion 
network. Thus the ratio of signal-to- 
noise can be increased to a high degree 
without any increase in power. 


Magnetic Strain Gauge for Cable Sheath 


strain gauge has 
been developed by the Labora- 
tories to measure small longitudinal 
movements in the sheathing of aerial 
cables. Although primarily intended 


for studying the daily movements 


PRIMARY 14 VOLTS, 60 CYCLES 


SECON- 


DARY 


caused by temperature changes, it can 
detect vibratory strain caused by 
wind sway and passing vehicles. Be- 
tween the poles of an electromagnet, 


excited by 60-cycle alternating cur- 
rent, there is an armature which is at- 
tached through a clamp to the cable, 
so that it moves in the magnetic gap 
when the cable expands or contracts. 
This motion changes the flux through 
the armature and varies the current 
induced in the coil surrounding it. 
The armature current is applied to a 
thermocouple and the millivolt output 
read on a potentiometer or recorded 
continuously on an autographic re- 
corder. The gauge can detect motion 
of .oooo1 inch. Cable sheath may 
move from .000005 to .ooo12 inch per 
inch per degree Fahrenheit, depending 
upon the position of the gauge along 
the cable. The magnetic strain gauge 
has proved a most reliable instrument 
for determining, in the field, small 
movements in aerial cables. The 
frontispiece of this issue shows J. P. 
Guerard adjusting it on a cable. 
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Effect of Extended Signaling Range 
for Subscriber Loops 


By G. C. REIER 


Transmission Standards Department 


TELEPHONE central office 
As as the switching point 
for a group of subscriber loops. 
Except in small areas, there will be a 
number of such central offices, each 
with an upper limit of about 10,000 
lines, and all interconnected by trunks. 
In general the connection between 
any two subscribers will consist of two 
subscriber loops and one inter-office 
trunk. The loss over this three-link 
connection must not be so great as to 
prevent satisfactory conversation; and 
it is essential, therefore to provide 
standards for both loops and trunks 
so that no three-link combination will 
lead to unsatisfactory conditions. All 
loops and trunks are designed so that 
the transmission loss over any two 
loops and a trunk will not exceed the 
established standard. 

The transmission loss in a loop is 
affected primarily by its length, the 
gauge of the wire used, and by the 
type and efficiency of the telephone 
set. Besides designing loops for satis- 
factory speech transmission, they 
must also be designed for the trans- 
mission of suitable signals. These are 
of four major types. First is the ring- 
ing current sent from the central 
office to ring the subscriber’s bell. In 
addition there are three, and some- 
times four, relays that are controlled 
from the subscriber’s end of the line. 
One is the line relay, which operates 
when the subscriber lifts his receiver 
to place a call; another is the tripping 
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relay, which operates to disconnect 
the ringing supply when the sub- 
scriber answers a call; and a third is a 
supervisory relay, which is used for 
signaling the operator or controlling 
dial equipment during the progress of 
a call and to indicate when the sub- 
scriber hangs up. In dial offices there 
is also a pulsing relay which is con- 
trolled from the subscriber’s dial. 
The correct operation of these re- 
lays depends chiefly on the d-c resist- 
ance of the loop, but satisfactory 
speech transmission depends on the 
loss of the loop at voice frequencies, 
which is a complex function of its re- 
sistance, capacitance, and inductance, 
and also on the efficiency of the sub- 
scriber’s telephone set. Until com- 
paratively recently the length of loop 
for the several gauges of cable has 
not generally been restricted by the 
signaling requirements. With the type 
of subscriber sets employed, the length 
of loop required to meet the speech- 
transmission requirements has been 
short enough and the resistance low 
enough not to interfere with signaling. 
In recent years there has been a 
tendency to group more central offices 
into a single building, and this has 
naturally tended to increase the aver- 
age length of loop. There has also 
been a progressive improvement in 
the transmitting and receiving effi- 
ciencies of the subscriber sets, which 
over the past ten years has amounted 
to a total of about 15 db. This large 
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gain in efficiency has so reduced the 
overall transmission loss of the loops 
that it has been possible to make ex- 
tensive use of finer gauge wire for 
the loops and trunks, and thus to de- 
crease their cost. While 22- and 1Ig9- 
gauge wire, or larger, had formerly 
been used, 24 and 26 gauges became 
common in the local telephone plant. 
Thecombined effect of longer loops and 
smaller wire has been a considerable 
increase in loop resistance. With the 
introduction of the smaller gauges the 
signaling requirements became con- 
trolling in limiting loop length. 

To secure satisfactory signaling, the 
resistance of loops has been limited to 
635 ohms in the past; and a definite 
transmission gain for the loop has 
been set to meet the transmission re- 
quirement for the loop-trunk-loop 
connection. This gain may be taken 
as 4 db above that of a reference loop 
and subscriber set 


to the right, and the transmission gain 
curves are the solid lines sloping down 
to the right. The rising gain for the 
1g- and 22-gauge loops occurs because 
the gain relative to the reference, 
rather than the absolute, gain is 
plotted. The maximum permissible re- 
sistance and the minimum permissible 
relative gain are indicated by hori- 
zontal dashed lines—the former at 
635 ohms, and the latter at 4 db above 
the reference. With these curves, 
therefore, it is possible to determine 
the length of loop permitted by each 
requirement. Considering transmis- 
sion gain alone, 26 gauge could be 
used up to a distance of two miles; 
24 gauge up to 2.7 miles; 22 gauge up 
to 3.3 miles, and 19 gauge for dis- 
tances above 4.3 miles. The signaling 
requirement of 635 ohms per loop, 
however, prevents the full use of the 
smaller sizes. With 26 gauge, for ex- 


rather than as an ab- 28 


solute value of gain. 26 


700 


The resistance of the 


RESISTANCE ~ 650 


REQUIREMENT 


nN 
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loop increases directly 


with length, and the 
gain decreases with 


nN 


length, but since it is 


@ 


given relative to the 
reference set, it does 


not decrease uniformly 


and may even increase 
for certain values of 


wn 


loop length. It is pos- 
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sible to plot both re- 
sistance and relative 
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(REFERRED TO REFERENCE LOOP AND SET) 


transmission gain 


TRANSMISSION GAIN.IN DECIBELS (SOLID CURVES) 


8 
LOOP RESISTANCE IN OHMS (DOTTED CURVES) 


against the length of 
loop for all the usual 


a 
° 


sizes of wire. This is 


done in Figure 1, where 
the resistance curves 


50 


\ 


1.0 
for four sizes of wire 


are represented by the 
dotted lines sloping up 
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Fig. 1—Transmission loss in subscriber loops for various 


gauges and lengths of loop 
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ample, 
miles so that 26-gauge loops can be 
employed only up to this distance 
rather than to the two miles that the 
transmission requirement would per- 
mit. With 24 gauge, also, signaling 


35 ohms is reached in 1.45 
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Fig. 2—Distribution of  subscriber-loop 


mileage with respect to loop length 


restricts the range, but for both 22 
and 19 gauge, transmission is con- 
trolling. The net effect on the permis- 
sible lengths of the loops for the va- 
rious gauges is indicated by the 


gauges of cable have been made com- 
parable. The 1200-ohm limit is avail- 
able in all types of switching except 
step-by-step, which is at present 
limited to 885 ohms. Even with this 
increased loop resistance neither ring- 
ing nor the operation of the line relay 
offers any difficulties, but changes 
were needed for tripping, supervision, 
and pulsing. The range of the tripping 
relay was extended by structural 
changes already described in the 
Recorp.* Depending on conditions, 
the supervisory range has been in- 
creased either by use of an improved 
supervisory relay or by an increase in 
battery voltage from twenty-four to 
forty-eight volts. The pulsing range 
in panel dial has been extended by 
making changes in the sender, includ- 
ing a different type of pulsing relay. 

The relative amounts of loop mile- 
age of subscriber loops of various 
lengths is indicated by Figure 2. This 
is a distribution curve for a typical 
central office area. The ordinate scale 
gives the percentage of total loop 
mileage in loops shorter than the dis- 
tance found by running horizontally 


heavy line. 
To make full use of the 


smaller gauges, and thus to 
secure the full value of the 
economies possible, it was ob- °F 


Gauge 


Cable 
viously necessary to extend ; 
the signaling range of sub- A 
scriber loops. Taking into ac- a 
count the capabilities of the 9+ 


signaling equipment as well as 
the probable limiting sub- 


TABLE I 
Cable 
Resistance Relative Amounts of Cable 
Ohms/Loop Per Cent of Total Miles 
Mile 635-Ohm Limit 1200-Ohm Limit 
440 34 57 
274 33 20 
171 21 II 
85 12 12 


*22-gauge loaded cable might be used instead of 19 gauge. 


scriber loop resistance which 

could be used to advantage with im- 
proved telephone sets, 1200 ohms was 
selected as the new limit. With this 
signaling range the limitations im- 
posed by transmission and by signal- 
ing on the field of use of the various 
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to the curve and then vertically down 

to the abscissa scale. Fifty-seven per 

cent of the loop mileage, for example, 

is in loops below two miles in length. 

Using this distribution, and the sizes 
*July, 19395 P- 353- 
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of wire required for various lengths of 
loop, with both the 635- and 1200-ohm 
signaling requirement, one can calcu- 
late the percentage of the total loop 
mileage of the various sizes of wire. 
These values are shown in Table 1. 
The use of the longer signaling range 
has permitted twenty-three per cent 


of the total mileage to be shifted from 
24 to 26 gauge and ten per cent from 
22 to 24 gauge. This more extensive 
use of fine wire cable will of course 
result in savings in the outside plant. 
In addition, the extension of signaling 
range improves the possibility of us- 
ing gauges of wire finer than 26 gauge. 


New Coils tor Operators’ Telephone Sets 


N MOUNTING the _ induction 

coils for operators’ telephone sets, 
crosstalk has always to be considered; 
and with the older forms of coil this 
has imposed limitations on the equip- 
ment plans. To remove these limita- 
tions, particularly so that coils can be 
mounted on relay plates at a distance 
from the switchboard or desk where 
the operators’ sets are located, two 
new induction coils and a monitoring 
coil have been developed. These have 
closed cores and are magnetically 
shielded. Their terminals project from 
the rear like relay terminals. The line 
winding in each coil is divided into 
two equal parts so that each half can 
be connected to one side of the line to 
balance the wiring where the oper- 
ator’s telephone set is far from the 
relay rack. One of the induction coils, 
coded 102B, is for positions where the 
operator may sometimes be connected 
simultaneously to two lines; the other, 
coded 102C, is primarily for termi- 
nating circuits where only one line is 
involved. Both of these induction coils 
are designed for use with the 396A 
transmitter for operators’ telephone 
sets. 

The new monitoring coil, coded the 
161A repeating coil, will be used in all 
operators’ telephone sets where a 


monitoring coil or a busy test coil is 
required. The monitoring windings 
are arranged as an auto-transformer; 
and two balanced primary windings 


are provided for busy test. In the 
illustration the 102B induction coil is 
shown at the top. The middle coil 
is the 161A monitoring and busy 
test coil; and below a retardation coil. 
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Laboratory Tests of the Crossbar System 


By W. E. VIOL 
Switching Development Laboratory 


HE introduction of a new 

central-office system, such as 

the crossbar, requires the de- 
velopment of many new circuits em- 
ploying arrangements and apparatus 
that differ greatly from those of ex- 
isting systems. Before these circuits 
are finally accepted as part of the 
new system, they are thoroughly 
analyzed and tested in the Systems 
Laboratory to insure that they will 
function correctly when installed in 
an actual office. While still under de- 
velopment, the circuits have been 
analyzed for possible faults by the 
circuit design engineers. Most of them 
are highly complex, however, and be- 
sides performing their own functions, 
they must work properly with a 
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number of other complex circuits, 
not only of the crossbar, but of all 
other existing systems as well. Analy- 
sis alone, therefore, is not always 
sufficient, so the systems development 
laboratory actually sets up the cir- 
cuits and subjects them to a series of 
complete tests. 

During the preliminary design pe- 
riod, and before the circuits are ready 
for overall tests, the so-called “‘funda- 
mental” or “‘feature’’ circuits must be 
analyzed and tested. There were a 
number of such new fundamental cir- 
cuits in the crossbar system. One of 
these was the pulsing circuit that 
provides for longer dialing loops. This 
also involved the use of a crossbar 
switch in the sender, to register the 
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number dialed. Other prelimi- 
nary tests were made of the 
impedance type transmission, 
of the continuity test in the 
marker, and of the number 
checking feature for toll calls. 
In such developments, the lab- 
oratory engineer collaborates 
with the design engineer until 
the feature is successful. 
There are also a number of 
new or improved apparatus 
designs that must be tested 
during this initial period. The 
principal ones in the crossbar 


Fig. 2—One of the many tests of the crossbar switch 


system were the crossbar fo determine its behavior under varied conditions 
switch,* the multi-contact re- that may be encountered in central-office operation 


lay,t the U and Y type re- 

layst and several new timers. Tests 
of the U and Y relays included in- 
vestigation of their operating and re- 
leasing capabilities, of their freedom 


Fig. 1—A terminating marker as originally 
set up in the laboratory 
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from vibration and contact chatter, 
and of the ease of adjustment. Their 
ability to perform the functions of 
existing critical relays with equal or 
greater margins, such as slow release 
or slow operate, was also determined. 
In addition, the Systems Laboratory 
engineers designed windings for the 
many relays used in the new system, 
and prepared adjustment and main- 
tenance information for use by engi- 
neers in the field. 

The various designs of the crossbar 
switch were tested in similar fashion. 
Extensive studies were made of its 
operating and releasing characteris- 
tics, and of its functioning times. 
Specific items were the possibility of 
the select fingers catching or sticking 
and causing irregular operation, the 
rebounding or false closing of the 
crosspoints and off-normal contacts, 
and the possibility of contact chatter. 
It was necessary also to determine the 
interval between the operations of the 
select and hold magnets that would 
permit the vibration of the fingers to 


*Recorb, July, 1937, p. 338. 
tRecorp, May, 1939, p. 301. 
tRecorp, May, 1938, pp. 300 and 310. 
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die down so as not to be falsely 
trapped. There were tests of various 
designs to reduce finger vibration. 
Another study was of the time be- 
tween the release of the hold magnet 
and its reoperation, which must be 
sufficient to prevent the released 
finger from being trapped on either 
the same or opposite set of contacts by 
the setting up of a new call. The 
maximum interval between the clos- 
ure of the winding of the hold magnet 
and the closure of the last crosspoint 
or off-normal spring, and the maxi- 
mum stagger time between off-normal 
contact closures or between off-normal 
and crosspoint spring closures was 
also studied for their effect on circuit 
operation. To secure full information, 
it was necessary to make tests at 
various average and extreme adjust- 


ments on a number of samples. Other 
new apparatus was gone over in a 
similar manner. 

The critical tests of the crossbar 
switch, the relays, and other a 
ratus mentioned above, all deal with 
times measured in thousandths of a 
second. They are of vital importance, 
since they affect the holding time of 
the markers, the most important cir- 
cuits of the system, and those requir- 
ing proportionately the greatest 
investment. The originating and termi- 
nating markers each perform their 
functions in the handling of a call in 
approximately one-half second. The 
addition of but one originating and 
one terminating marker represents a 
perceptible increase in the investment 
per line, and may be made necessary 
by a relatively small increase in the 


Fig. 3—Installing line-link frames in the laboratory for test 
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functioning interval that is involved. 

After the preliminary design of a 
circuit has been completed, it is sub- 
mitted to the Systems Laboratory for 
analysis and test. Here, one or more of 
the circuits is assembled for test. If 
it is a circuit used in large quantities 
in a central office, a number of them 
are set up so that the effects of the 
variables of the apparatus may be 
observed on a number of samples, and 
thus troubles be detected and cor- 
rected before the circuits go into serv- 
ice in a central office. The number of 
circuits provided must be sufficient to 
permit troubles arising from simul- 
taneous operation of several circuits 
to be observed, and to allow several 
engineers to test associated circuits 
without undue interference. With test 
circuits only one is required. 

In setting up frames, the regular 
Central Office layout cannot generally 
be followed. The number of circuits 
provided on fully equipped Central 
Office frames are very seldom required 
in the laboratory, and the necessity of 
conserving space requires doubling 
up of circuits on the frames. An ex- 
ample of this is shown in Figure 3 
which shows two line-link frames 
being installed in a fraction of the 
space that would be required for the 
frames in a central office. 

The general facilities required in 
the laboratories for testing circuits 
have already been described in the 
Recorp.* The introduction of the 
new crossbar system made it neces- 
sary to issue approximately 170 new 
circuits. The study of these in the 
Laboratories required setting up ap- 
proximately 52 bays of framework, 
equipped with about 6500 U and Y 
type relays, 150 crossbar switches and 
500 multi-contact relays. This was in 
addition to hundreds of resistances, 

*RecorD, April, 1938, p. 253. 
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condensers, coils, terminal strips, 
mounting plates, and other miscel- 
laneous apparatus. 

The test of a circuit is not merely 
the operation of a circuit in accord- 
ance with the circuit description. This 
phase of the test is usually performed 


Fig. 4—A terminating sender under test in 
the systems laboratory 


in determining that the wiring has 
been properly done. The troubles that 
the laboratory needs to discover are 
usually much more obscure. A list pre- 
pared of the features that should be 
checked on tests of the subscribers’ 
sender contained approximately 1250 
items; and that circuit is not the most 
complex that is encountered. 

These obscure troubles deal with a 
large variety of conditions. They in- 
volve relay races, such as where one 
chain of relay operations parallels 
that of another chain. It is estimated 
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that approximately 250 of such races 
were studied in the system. Other 
tests involve the effects of contact 
chatter which might produce false 
pulses. Studies are made of the effect 
of literally hundreds of crosses and 


Fig. s—A terminating marker 


grounds, which should not put the cir- 
cuits out of commission without 
bringing in alarms or causing other 
circuit reactions that would cause 
alarms. Investigations are made of 
the effect of sneak circuits; of unusual 
handling of the call by subscribers or 
operators; of the effect, as far as can 
be simulated, of heavy traffic, of si- 
multaneous tests, of overlap opera- 
tions, and of double connections. 
Studies are made of differences in 
frame potentials, lead resistances, 
magnetic interference, vibration, fire 
hazards, and failures under extremes 
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of permissible apparatus adjustments, 
The effects of relays sticking off 
normal, or being pushed up by hand 
are also investigated, as are the effects 
of calls abandoned at various Stages 
of operation. It is tests of this nature 
that constitute much of the work. 

By making their tests under the 
various extremes of apparatus ad- 
justments, voltage variations, and 
interference conditions for all critical] 
circuit operations, the systems devel- 
opment laboratories attempt to insure 
adequate margins for the successful 
functioning and maintenance of the 
circuits under the actual variations 
encountered in service. Even all this 
testing is not deemed sufficient, how- 
ever, for a new system. Engineers of 
the Systems Laboratory, in conjunc- 
tion with the other engineers of the 
Bell System, watch and observe the 
first jobs during installation, and sub- 
ject them to preliminary call-through 
tests so as to obviate as far as 
possible the appearance of excessive 
trouble after the office is cut into 
service, and to give additional train- 
ing to the maintenance force. 

Like the panel system, the new 
crossbar system was conceived and 
developed by Bell Telephone Labora- 
tories in association with the other 
interested departments of the Bell 
System, and it has been given to the 
public as a working achievement with- 
out the public’s being aware that it is 
being served by a completely new 
system. There are, however, condi- 
tions in a Central Office in actual serv- 
ice, due to the quantities of equip- 
ment and apparatus available and to 
the large amount of traffic handled, 
that are almost impossible to dupli- 
cate in the Systems Development 
Laboratories. In the last analysis, 
therefore, the Central Office that is in 
actual service is the final test. 
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